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Abstract - To investigate the origin of backyeoncho (Opuntia ficus-indica var. saboten), we isolated 685 bp clone using
ITS primer pairs. The rDNA consists of the genes coding for the partial 54 bp 18S, 162 bp 5.8S, and partial 56 bp 26S.
The coding regions are interrupted by two internal transcribed spacers, 193 bp ITS1 and 220 bp ITS2. The ITS2 of
backnyeoncho in length was shorter than that previously registered in Cucurbitoideae plants. The GC contents was
66.8% in ITS1, and 67.7% in ITS2. The rDNA of backnyeoncho matched to the previously reported genes and showed a
high similarity with the 95% identity with Pereskiopsis porteri (L708037). In the phylogenetic analysis, the
backnyeoncho rDNA was clustered with Pereskiopsis porteri (L708037).
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Fig. 1. Photographs of backnyeoncho (Opuntia ficus-indica). A, fruit; B, stem; C, 2-year old backnyeoncho.
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A 1S 1

18S rRNA

5S rRNA

ITS 2

26S rBNA

54 248

ITS-for .

GGAAGTAAAAGTCGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAGGATCATTGTCGAAA
CCTGCCCAGCAGAAAGACCCGCGAACATGTTTTCCCATGAACACGCAGGGAGGGGCGCCT

409 630 685

60
120
180

CTGCCCCCTCCCTGGCGCAACAACAAACCCCGGCGCGAACCGCGCCAAGGAACACGAACT

240

AAAGGCGTGCCCGCCCGCGCCCGGTCCGCCGGCGCGCGGGGGCGGCACCTGTCCCTACTT

300

AAAACGTAACGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCG
AAATGCGATACTTGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAG
TTGCGCCCAAAGCCTTCCGGCCGAGGGCACGTCTGCCTGGGCGTCACGCATCGCGTCTCC
CCCCCGCCTGCCGGGGGGAAGGATGATGGCCTCCCGTACCCTAACCGGGCGCGGCTGGCC

360
420
480
541

TAAAACGGGAGCCCGCGGCGACGAGCTGCAGCGGCGATTGGTGGTGGACGAGGCCTTCGA

600

GGCCCCCGTTTGCATCGCGTCGCGCACGCACGCCGTCGGAGAAGGGCTCGTTGGACCCTA

660

AGGTGTTGCTGAAAAGCACAAACCGTTGCGACCCCAGGTCAGGCGGGGCTACCCGCTGAG

TTTAAGCATATCAATAAGCGGAGGAG8S
ITS-rev

685

Fig. 2. Schematic representation and nucleotide sequence of the rDNA region of backnyeoncho. ITS primer pairs was represented in
bold. ITS1 and ITS 2 spacer region was underlined. The nucleotide sequence data reported will appear in the EMBL, GenBank and
DDBJ Nucleotide Sequencing Database under the accession number AB250211.
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Wl 2 A ¢12He) ITS(internal transcribed spacer)

—-GGAAGTAAAAGTCGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAGGA¥8Q¥¥8¥88ﬁ ?g
TTGGAAGTAAAAGTCGTAACAAGGT TTCCGTAGGTGAACCTGCGGAAGGATCATTGTCGA 60
TCACAAA-TTTAAATATGTTTAT~-TGCGGAAGGATCATTGTCGA 42

% K v A kok ok ok ok

AAGCTGCCGAGCAGAAAGACCCGCG-AACATGTTTTCCCATGAACACGCAGGGAGGGGCG 117
AAGCTGCCCAGCAGAAAGACCCGCG-AACATGTTT-CCCATGAACACGCGGGGAGGGGCG 68
AACCTGCCCAGCAGAAAGACCCGCGGAACT TGTTTTTGCCCCAACAT GCGGGGCGGGGCG 120
AAC-TGCCCAGCAGAAAGACC-GCG-AACATGTTTACCCC——AACATGCGGGGAGGGGTG 97

hhkdk Adkkhkkhkhkkhkkkhkhkhkhkk khkk hhkk hhkkkk * Kkdhkhkk kk hkk kkkk Xk

CCTCTGCCCCC TCCCTGGCGCAACAAC~AAACCCCGGC 154
CCTCTGCCCCOG CCCTGACGCAAGAAG-AAACCCCGGE 106
CCTCGGCCCCCGCCCCCGAGCCGGGGGCTCACCCCCCCGGCGTAGCAACGAAACCCCGGC 180
CCTCGGCCCCCTCCCCGCGCCGGGGECAA—-~CCCCCGGCGCCGCAACGAAACCCCGGE 153

dhhkk Kkkkkk kkk Kk kK hhkkhkk FhkFhhkhkrkkkkk

GCGAACCGCGCCAAGGAACACGAACTAAAGGCGTGCCCGCCCGCGCCCGGT CCGCCGGCG 214
GCGAACCGCGCCAAGGAACACGAACTCATGGCGTGCCCGCCCGCGCCCGGTNCGCCGGCG 166
GCGATCCGCGCCAAGGAAGACGAACTCATGGCGTGCCCGCCCGCGOCCGGTCCGOCGGEE 240
GCGAACCGCGCCAAGGAACACGAACTCATGGCGTGCCCGCCCGCGCCCGGCCCGCCGGEaG 213

*hkkk AhhkkAkddhkhhhkhhhhhhkrrhk * hhkkhrhFrhkhhkhkkhkhkhkhhhrhk * & kK kkok ok

CGCGGGGGCGGCACCTGTCOCTACTTAAAACGTAACGACTCTCGGCAACGGATATCTCGG 274
CGCGGGGGCGGCACCTGTCCCTACTTAAA-CGTAACGACTCTCGGCAAGCGGATATCTCGG 225
CGCGGGGGCGGCACCTGACGCTACTTAAAACGTAACGACTCTCGGCAACGGATATCTCGG 300
CGCGGGGGCGGCACCTGTCCCTACTTAAAACGTAACGACTCTCGGCAACGGATATCTCGG 273

hkkdkhkhhkhhhkhhhhkhkkk Khkhkkhkkkkhkhkk KEXAXAKAkAhkhkARkhkhdhkhkhkkAkAkkkkrhxk

CTCTCGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAATCCCG 334
GTCTCGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAATCCCG 285
CTCTCGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAATCCCG 360
CTCTCGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAATCCCG 333

e e e e e e e e vk e g ke e e e ke g de & ok ok ke vk e e ke ke ke ok e g ok e e e e ok e g ok ok ok e o ok e ke ok A ok e ke ok ok

TGAACGATCGAGTCTTTGAACGCAAGT TGCGCCCAAAGCCTTCCGGCCGAGGGCACGTCT 394
TGAAGCATCGAGTCTTTGAACGCAAGTTGCGNCCGAAGCCTTCCGGCCGAGGGCACGTCT 345
TGAACCATCGAGTCTTTGAACGGAAGTTGOGCCCGAAGCCTTCCGGCCGAGGGCACGTCT 420
TGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAGCCTTCCGGCCGAGGGCACGTCT 393

Fhkkhhkhhkhkhkdkhhkkkhkhkhhkhhhkhkhkdkhdkhkhk dk  d ok koo ek ko sk ok &k & ook gk dokok ke ok

GCCTGGGCGTCACGCATCGCGTCTCCCCCCC-GCCTRCCGGGGAGAAGGATGATGGCCTC 453
GCCTGGGCGT CACGCATCGCGTCTCCCCOCC-GCCCGCTGAGGGRAAGGATGATGGCCTC 404
GCCTGGGCGTCACGCATCGCGCCTCCCOCCC-GCCCGCCGGGRGGAAGGATGATGGCCTC 479
GCCTGGGCGTCACGCATCGCGCCTCCCCCCCTGCCCGCCRGGGGGGAGGAGBATGGCCTC 453

FhhkhkkkhhdhrhkhhAhkhkkhhkhd hhkhkdkhhkhhk Khkhk kk hdkhkkhk khkh khkhkkikkkdk

CCGTAGCCTAACCGGG-CGCGGCTGGCCTAAAACGGGAGCCOGCGGCGACGAGCTGCAGE 512
CCGTGCCCTAATCGGG-CGCGGCTGGOCTAAAACGGGAGCCOGC TNCGACGAGCTACGNG 463
CCGTGCCCCAGCCGGGROCGCGGCTGGCCTAAAACGGGAGCCCGCGGCGACGAGCTGCGGE 539

- CCGCGCCCCTGCCGGGGCGCGGCTGGCCTAAAACGGGAGCCCGCGGCGACGAGCGGCGGC 513

*k ok * Kk hhkkk hhkkdkhkkhkhhkhkhhkkAhkAkhkhhkdhihkkk J Je kK ke ko *

GGCGATTGGTGGTGGACGAGGCCTTCGA-GGCCCCCGTTTGCATCGCGTCGCGCACGCAG 571
GGCGATTGGTGGTGGACGAGNCCTTAGA-GGCCCCTGTTTGCANCGCGCCGCGCACGCAG 522
GGCGATTGGTGGTGGACGAGGCCT TGGA-GGCCCCCGTTTGCATCGCGCCGCGCACACAC 598
GGCGATTGGTGGTGGACGAGGCCTCAAGTGGCCGCCGTTTGCATCGCGCCGCGCACGCGE 573

hhkhkhkhkhhkhkhkhkhkhkhkhkhkhkk hhk khkkdk Kk dkkkhkhkkk kkdkk dkhkkhkkk Kk )

GCCGTCGGAGAAGGGCTCGTTGGACCCTAAGGTGT-—TGCTGAAAAGCACA~AACCGTTG 628
GCCGCOGGGEAAGGGCTCGNTGGACCCTAAGNTGT—~TGCTGAAAAGCACA-AACCGTTG 579
GCCGCCGGGGA-GGGCTCGT TGGACCCTAAGGT GAGGTGCTTGAAGGCACACAACCGTTG 657
GCCGCCGGGTA~GGGCTCGTCGGACCCTGACGTGT——~~GCAGGAAGCACA-AAACGTTG 627

khkdkk Khkk * kkkkkkk dhkAkFhhk * *k * khkkkk kk kkkkhkk

ggﬁggCCAGGTCAGGCGGGGCTACCCGCTGAGTTTAAGCATATCAATAAGCGGAGGA 685

584
8gﬁ8888£GGTCAGGCGGGGCTACCCGCTGAGTTTAAGCATATCAATAAGCGGAGG 713

635

% ok e Kk

27 84

Fig. 3. Alignments of the rDNA region isolated from backnyeoncho and other plants. The sequences were aligned with the aid of the
CLUSTAL W program. O. ficus-indica (AB250211), P. porteri (L78037), M. deherdtiana (AM157754), N. mezcalaensis

(AY181567).
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Fig. 4. Phylogenetic analysis of the rDNA region isolated in backnyeoncho (Opuntia ficus-indica) and other plants. The phylogenetic
tree was reconstructed by UPGMA. The respective accesion number is described under the scientific name.

1976 Ohta, 1984), rDNAS] oA rRNA ZE 930
DHsHA d8E F5 AlelolAl= @719 Aol7k ALY Kol
2] o) gtsled AolAQl ITS1# ITS2 FHfAE= 2=
Foo] vlste] o w2 H|-EE Ho|7t EA5}7] wjof A&
oA ribosomal ITS E7IMEAHEE FHABAE FHs=
o} QlojA] g2 7HsAdE& AAIskAL Qe
A FH2F 290 FEE U=
ITS f42 AE7E glof ol AEE F3to]
FAAS TEZ AFOE Ho @2 5Y —/—'T—(genus) *dfd
4
B

p

g Nag gt ITS 492
o ge e ARl g AT
S % Zolat.

e
B
B
2
o]
Hu

-~ (o]

= It
AFZo AAPsH= BA A0l Wulxe 7Y FHE
EZ 02 ITS primerg ©]-83}%] 685 bp2 ITS ¥ &
gt ITS 999 G714 ES 4% 23 18S rRNAY)

Zle]= 54 bp, 26S rRNAE 55 bp, ITS12 193 bp, ITS2
= 220 bpE FAEH alaiu} Wiz ITS 992 7189
B 14 Cucurbitoideae A1EE2] ITS ol vl3ted ITS2
2dolA JH9o] 239-254 bpErtE tha Arh It
ol AuolA gAo] GC L wWiExo AL ITS1S
66.8%, 1TS2°] ALol= 67.7%= Cucurbitoideae A2E

oA Hot &2 GC e UEhligith Widx MQizte]
rDNA 999 71 & 454& ved A2 22
Opuntioideae®] €3l Pereskiopsis porteri(L78037)%
95%9] FAH=E WEHITE Wdx rDNA Clustal W =

Fl

- 166 -



FATAE =ARE A7 22 Opunt—
ioideae®)] 48l= Pereskiopsis porteri(L78037)2} 72
cluster® £ = o},

AL AL
T=
H= R

7187/ A (ARPC)S A-tr] 2o 9

2 2
of o] olo]] tha) 44T FALS E3he wolct,

d
A~
0

Ol

]_

ol
_

rar

o= ]
(L

Ahn, D K. 1998. Illustrated book of Korean Medicinal herbs.
Kyohaksa. pp.497.

Altschut, SF., W. Gish, W. Miller, EEW. Myers and DJ. Lipman. 1990.
Basic local alignment search tool. J. Mol. Biol. 215: 403-410.

Baldwin, B.G. 1992. Phylogenetic utility of the internal transcribed
spacers of nuclear ribosomal DNA in plants: An example from the
Compositae. Mol. Phylogenet. Evol. 1: 3-16.

Baldwin, B.G.,MJ. Sanderson, J M. Porter, M.F. Wojciechowski, C.S.
Campbell and MJ. Donoghue. 1995. The ITS region of nuclear
ribosomal DNA: A valuable source of evidence on angiosperm
phylogeny. Ann. Missouri Bot. Gard. 82: 247-277.

Brown, D.D., P.C. Wensink and E. Jordan. 1972. Comparison of the
ribosomal DNA's of Xenopus laevis and Xenopus mulleri: The
evolution of tandem genes. J. Mol. Biol. 63: 57-73.

Catalan, P., E.A. Kellogg and R.G. Olmstead, 1997. Phylogeny of
Poaceae subfamily Pooideae based on chloroplast ndhF gene
sequences. Mol. Phylogenet. Evol. 8: 150-166.

Chase, M.W., DE. Soltis, R G. Olmstead, D. Morgan, DH. Les, B.D.
Mishler, MR. Duvall, R A. Price, HG. Hills, Y -L. Qiu, K.A. Kron,
JH. Rettig, E. Conti, JD. Palmer, JR. Manhart, K.J. Sytsma, HJ.
Michaels, WJ. Kress, K.G. Karol, WD. Clark, M. Hedren, BS.
Gaut, R K. Jansen, K.-J. Kim, C.F. Wimpee, J.F. Smith, GR.
Furnier, S H. Strauss, Q-Y. Xiang, GM. Plunkett, P.S. Soltis, S.M.
Swensen, S E. Williams, P.A. Gadek, CJ. Quinn, LE. Eguiarte, E.
Golenberg, G.H. Learn, S.W. Graham Jr., S.C.H. Barrett, S.
Dayanandan and V. A. Albert. 1993. Phylogenetics of seed plants:
An analysis of nucleotide sequences from the plastid gene rbcL.
Ann, Missouri Bot. Gard. 80: 528-580.

Chung, HJ. 2000. Antioxidative and antimicrobial activities of Opuntia
Sficus-indica var. saboten. Korean J. Soc. Food. Sci. 16: 160-166.

Clegg, M.T. 1993. Chloroplast gene sequences and the study of plant
evolution. Proc. Natl. Acad. Sci. USA 90: 363-367.

- 167 -

Al

<l

il

Z}

HE 2 2+9] ITS(internal transcribed spacer) S-XA} 24

Femandez, ML., ECK. Lin, A. Trejo and D.J. McNamara. 1992.
Prickly pear (Opuntia sp) pectin reverses low density lipoprotein
rerceptor suppression induced by a hypercholesterolemic diet in
guinea pigs. J. Nutr. 122: 2330-2339.

Hamby, R.K. and E.A. Zimmer. 1992. Ribosomal RNA as a
phylogenetic tool inplant systematics. In "Molecular Systematics of
Plants"(P.S.Solitis, D.E. Solitis and JJ. Doyle, Eds), Chapman and
Hall, London. pp. 50-91. :

Hemleben, V., B. Leweke, A. Roth and 1. Stadler. 1982. Organization
of highly repetitive satellite DNA of two Cucurbitaceae species
(Cuumis melo and Cucumis sativus). Nucleic Acids Res. 10: 631-
644.

Hemleben, V., M. Ganal, J. Gerstner, K. Schiebel and R.A. Torres.
1988. Organization and length heterogeneity of plant ribosomal
RNA genes. In "The Architecture of Eucaryotic Genes" (G. Kahl,
Ed.), VCH, Weinhein. pp. 371-383.

Ingle, I, J. Timmis and J. Sinclair. 1975. The relationship between
satellite deoxyribonucleic acid, ribosomal ribonucleic acid gene
redundancy, and genomic size in plants. Plant Physiol. 55: 496-501.

Jobst, J., K. King and V. Hemleben. 1998. Molecular evolution of the
internal transcribed spacers (ITS1 and ITS2) and phylogenetic
relationships among species of the family Cucurbitaceae. Mol.
Phylogen. Evol. 9: 204-219.

Ohta, T. 1984. Some models of gene conversion for treating the
evolution of multigene families. Genetics 106: 517-528.

Olmstead, R.G. and JD. Palmer. 1994. Chloroplast DNA systematics:
A review of methods and data analysis. Am. J. Bot. 81: 1205-1224.

Olmstead, R.G. and P.A. Reeves. 1995. Evidence for the polyphyly of
the Scrophulariaceae based on chloroplast rbcL and ndhF
sequences. Ann. Missouri Bot. Garden 82: 176-193.

Rieseberg, LH. and DE. Soltis. 1991. Phylogenetic consequences of
cytoplasmic gene flow in plants. Evol. Trends Plant 5: 65-84.

Rieseberg, L.H. and J.F. Wendel. 1993. Introgression and its
consequences in plants. In: Harrison, R. (Ed.), Hybrid Zones and the
Evolutionary Process. Oxford University Press, Oxford, pp. 70-109.

Smith, G.P. 1976. Evolution of repeated DNA sequences by unequal
crossover. Science 191: 528-535.

Soltis, D.E., P.S. Soltis and J.J. Doyle (Eds.). 1998. Molecular
systematics of plants II: DNA sequencing. Kluwer Academic,
Boston.

Thompson, JD., D.G. Higgins and T.J. Gilbson. 1994. CLUSTAL W:
improving the sensitivity of progressive multiple sequence

alignment through sequence weighting, position-secific gap



BENEEE Korean J. Plant Res. 19(1) : 161~168(2008)

penalties and weight matrixchoice. Nucleic Acids Res. 22: 4673-
4680.

Zimmer, E.A., SL. Martin, S.M. Beverley, Y.W. Kan and A.C.
Wilson. 1980. Rapid duplication and loss of genes coding for the o-
chains of hemoglobin. Proc. Natl. Acad. Sci. USA 77: 2158-2162,

A, o B, A, HA G, 1989. HAlgts dof 2. Azl
Z3AL A& pp. 479.

A7, 1996. S A4 B =4, FEAL A& pp. 559.

-168 -

AR, A4 2. 1998, &ubehd Q18] AR WE 8 3t A A
o g T 1(1): 25-32.

e, e H, o] 9 A, HFY. 1999, Supe A1) Aoji}
E718 o188 7S AENT 2 A8 A+ FE T

.5.

X
3

Q
=.

(Y 2005.9.30; 52FY 2006.2.2)



